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1
SIGNAL TRANSMISSION DEVICE AND
SIGNAL TRANSMISSION METHOD

TECHNICAL FIELD

The present invention relates to a signal transmission
device and a signal transmission method.

BACKGROUND TECHNOLOGY

Generally, in transmission systems of electrical signals,
there are roughly two systems, that of unbalanced transmis-
sionand balanced transmission. Unbalanced transmission is a
system that transmits an electrical signal using a single trans-
mission line. Moreover, balanced transmission is a system
that, as in Patent Document 1, for example, converts the
electrical signal into a pair of transmission signals (differen-
tial signals) of mutually opposite phases and transmits these
signals using a pair of transmission lines.

The two systems greatly differ in how they are influenced
by noise received during transmission. For example, in unbal-
anced transmission, when the transmission line receives the
noise from the outside, a noise component is superimposed on
the electrical signal during transmission. Because of this, the
influence of the noise received from the outside cannot be
avoided.

Meanwhile, in balanced transmission, each noise compo-
nent is removed when the pair of transmission signals is
decoded into an electrical signal of a single phase because
noise signals of identical phases and identical amplitudes are
normally superimposed on each transmission signal even if
the pair of transmission lines receives the noise from the
outside. Therefore, the influence of the noise received from
the outside can be avoided. Because of this, balanced trans-
mission is often used in a high-speed communication systems
using a high-speed communication interface, such as <LVDS,
HDMI>, and in communication systems using high-fre-
quency signals.

PRIOR ART DOCUMENTS
Patent Documents

[Patent Document 1] Japanese Unexamined Patent Appli-
cation Publication No. 2002-289992

However, in balanced transmission, the noise signals of the
identical phases superimposed on each transmission signal
sometimes have asymmetrical amplitudes. For example, such
is the case when a distance to a generation source of the noise
is near or when the pair of transmission lines cannot be wired
in parallel due to constraints in design. In such cases, because
noise components with differing amplitudes are superim-
posed on each transmission signal, the influence of the noise
the electrical signal receives from the outside cannot be
avoided nor suppressed.

Furthermore, in Reference Document 1, noise radiated to
the outside from the pair of transmission lines is reduced, but
nothing is mentioned relating to suppressing the influence of
the noise received from the outside as described above.

SUMMARY OF INVENTION

One or more embodiments of the present invention are
made in view of such conditions and provide a signal trans-
mission device that can effectively reduce an influence that
noise signals with differing amplitudes exert on differential
signals, and a signal transmission method.
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A signal transmission device may comprise a signal sender
that sends first and second transmission signals of mutually
opposite phases, a first transmission path over which the first
transmission signal is transmitted, a second transmission path
over which the second transmission signal is transmitted, and
a signal receiver that converts the first transmission signal
received from the first transmission path and the second trans-
mission signal received from the second transmission path
into an output signal of a single phase, where the signal
transmission device differentiates each amplitude of the first
and second transmission signals sent from the signal sender,
and the signal receiver, based on an amplitude ratio of the first
and second transmission signals, converts the received first
and second transmission signals.

According to the above configuration, for example, the first
and second transmission signals of the mutually opposite
phases adjusted to differing amplitudes are transmitted, and
the transmitted first and second transmission signals are con-
verted into the output signal of the single phase based on the
amplitude ratio of the first and second transmission signals
adjusted in the amplitude adjustment means. Because of this,
aninfluence of noise signals can be reduced when the first and
second transmission signals are converted into the output
signal of the single phase even when noise signals with dif-
fering amplitudes are superimposed during transmission of
the first and second transmission signals. Therefore, an influ-
ence the noise signals with the differing amplitudes exert on
differential signals can be effectively reduced.

Furthermore, in one or more embodiments of the above
configuration, the signal sender may comprise, a differential
converter that converts an input signal of a single phase into
the first and second transmission signals of the opposite
phases, and a sending signal amplitude adjuster that adjusts
each amplitude of the first and second transmission signals so
the amplitude of the first transmission signal differs from the
amplitude of the second transmission signal, and the signal
receiver may comprise a reception signal amplitude adjuster
that adjusts each amplitude of the first and second transmis-
sion signals received by the signal receiver based on the
amplitude ratio of the first and second transmission signals
adjusted by the sending signal amplitude adjuster, and a
single phase converter that converts the first and second trans-
mission signals adjusted by the reception signal amplitude
adjuster into the output signal of the single phase.

According to this configuration, for example, the first and
second transmission signals of the mutually opposite phases
and the differing amplitudes can be sent from the signal
sender. Moreover, conversion into the output signal of the
single phase can be easily performed by adjusting based on
the amplitude ratios of the first and second transmission sig-
nals adjusted by the sending signal amplitude adjuster even
when the noise signals with the differing amplitudes are
superimposed on the first and second transmission signals.

Furthermore, in one or more embodiments of the above
configuration, the signal receiver may further comprise a
detection circuit that detects the amplitudes of the first and
second transmission signals received by the signal receiver,
the sending signal amplitude adjuster of the signal sender
independently may adjust each amplitude of the first and
second transmission signals based on a detection result of the
detector, and the reception signal amplitude adjuster of the
signal receiver may independently adjust each amplitude of
the first and second transmission signals received in the signal
receiver based on the detection result of the detector.

According to this configuration, for example, amplitudes
of feedback controlled first and second transmission signals
can be independently adjusted. Therefore, an influence that
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the noise signals with the differing amplitudes exert on the
output signal can be sufficiently reduced by differentiating
the amplitudes of the first and second transmission signals
transmitted over each transmission path even when the first
and second transmission signals are feedback controlled.

Furthermore, in the signal transmission device, an imped-
ance of the first transmission path may ditfer from an imped-
ance of the second transmission path.

According to this configuration, for example, each imped-
ance of the first and second transmission paths differs.
Because of this, the amplitudes of the first and second trans-
mission signals received by the signal receiver can be differ-
entiated even when the amplitudes of the first and second
transmission signals output from the signal sender are iden-
tical. Therefore, the influence of the noise signals with the
differing amplitudes can be sufficiently reduced when the first
and second transmission signals are converted into the output
signal of the single phase.

Furthermore, in one or more embodiments of the above
configuration, in the signal transmission device, cross-sec-
tional areas of the first and second transmission paths may
differ.

According to this configuration, for example, capacity
components of the impedances of the first and second trans-
mission paths can be differentiated.

Furthermore, in one or more embodiments of the above
configuration, the signal transmission device may further
comprise a dielectric layer on which the first and second
transmission paths are disposed and a ground part on which
the dielectric layer is provided, wherein the ground part may
comprise a grounded conductor substrate, and a shortest dis-
tance between the first transmission path and the ground part
may differ from a shortest distance between the second trans-
mission path and the ground part.

According to this configuration, for example, the capacity
components of the impedances of the first and second trans-
mission paths can be differentiated.

Furthermore, in one or more embodiments of the above
configuration, the dielectric layer may comprise first and
second dielectric layers with differing dielectric constants,
and the first transmission path may be provided on the first
dielectric layer and the second transmission path may be
provided on the second dielectric layer.

According to this configuration, for example, the capacity
components of the impedances of the first and second trans-
mission paths can be differentiated because the first and sec-
ond transmission paths are provided on the dielectric layers
with the mutually differing dielectric constants.

Alternatively, in one or more embodiments of the above
configuration, the signal transmission device may further
comprise a dielectric layer comprising first and second
dielectric layers with differing dielectric constants, and a
ground part on which the dielectric layer is provided, wherein
the ground part may have a grounded conductor substrate, and
the first transmission path may be provided on the first dielec-
tric layer and the second transmission path may be provided
on the second dielectric layer.

According to this configuration, for example, the capacity
components of the impedances of the first and second trans-
mission paths can be differentiated because the first and sec-
ond transmission paths are provided on the dielectric layers
with the mutually differing dielectric constants.

Furthermore, in one or more embodiments of the above
configuration, the ground part may further comprise a con-
ductor layer electrically connected to the conductor substrate,
and the conductor layer is provided on the dielectric layer so
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as to overlap the second transmission path in a plan view
viewed from a normal direction of a main surface of the
conductor substrate.

According to this configuration, for example, the capacity
components of the impedances of the first and second trans-
mission paths can be differentiated by providing the conduc-
tor layer on the dielectric layer so as to overlap the second
transmission path in the plan view.

Furthermore, in one or more embodiments of the above
configuration, the conductor layer electrically connected to
the conductor substrate may be provided on the dielectric
layer, and the second transmission path may be disposed
inside the dielectric layer and between the conductor sub-
strate and the conductor layer.

According to this configuration, for example, the second
transmission path disposed inside the dielectric layer can
form two capacities, between the conductor substrate and
between the conductor layer.

Furthermore, in one or more embodiments of the above
configuration, the signal transmission device may set an
amplitude ratio relative to a first noise signal of the first
transmission signal before the first noise signal is superim-
posedthereon to be equivalent to an amplitude ratio relative to
a second noise signal of the second transmission signal before
the second noise signal is superimposed thereon.

According to this configuration, for example, when the first
and second transmission signals are converted into the output
signal of the single phase, the first and second noise signals
can be removed substantially completely. Therefore, the
influence the noise signals with the differing amplitudes exert
on the differential signals can be avoided.

The signal transmission method according to one or more
embodiments of the present invention may comprise sending
first and second transmission signals of mutually opposite
phases, transmitting the first and second transmission signals,
and converting the transmitted first and second transmission
signals into an output signal of a single phase, wherein at least
one of either the sending or the transmitting comprises dif-
ferentiating each amplitude of the transmitted first and second
transmission signals, and the first and second transmission
signals are converted based on an amplitude ratio of the first
and second transmission signals adjusted in the differentiat-
ing.

The signal transmission method according to one or more
embodiments of the present invention may further comprise
converting an input signal of a single phase into the first and
second transmission signals of the opposite phases, adjusting
each amplitude of the first and second transmission signals so
the amplitude of the first transmission signal differs from the
amplitude of the second transmission signal, adjusting each
amplitude of the first and second transmission signals based
on the amplitude ratio of the adjusted first and second trans-
mission signals, and converting the adjusted first and second
transmission signals into the output signal of the single phase.

The signal transmission method according to one or more
embodiments of the present invention may further comprise
detecting an amplitudes of the first and second transmission
signals received by the signal receiver, adjusting each ampli-
tude of'the first and second transmission signals based on the
detection, and adjusting each amplitude of the first and sec-
ond transmission signals received in the signal receiver based
on the detection.

According to the above configuration, for example, the first
and second transmission signals of the mutually opposite
phases adjusted to differing amplitudes are transmitted, and
the transmitted first and second transmission signals are con-
verted into the output signal of the single phase based on the
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amplitude ratio of the first and second transmission signals
adjusted in the amplitude adjustment means. Because of this,
aninfluence of noise signals can be reduced when the firstand
second transmission signals are converted into the output
signal of the single phase even when noise signals with dif-
fering amplitudes are superimposed during transmission of
the first and second transmission signals. Therefore, the influ-
ence the noise signals with the differing amplitudes exert on
the differential signals can be effectively reduced.

According to one or more embodiments of the present
invention, the signal transmission device and the signal trans-
mission method that can effectively reduce the influence that
the noise signals with differing amplitudes exert on the dif-
ferential signals can be provided.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a conceptual block diagram illustrating a signal
transmission device according to one or more embodiments
of a first example of the present invention.

FIG. 2 is a conceptual block diagram illustrating a signal
transmission device according to one or more embodiments
of a first comparative example.

FIG. 3 is a conceptual block diagram illustrating a signal
transmission device according to one or more embodiments
of'a modified first example.

FIG. 4 is an equivalent circuit diagram of transmission
paths taking into consideration an actual unbalanced trans-
mission component according to one or more embodiments.

FIG. 5A is an equivalent circuit diagram in a situation
where differential signals of opposite phases and identical
amplitudes are transmitted over transmission paths without a
difference in impedances according to one or more embodi-
ments.

FIG. 5B is an equivalent circuit diagram in a situation
where differential signals of opposite phases and differing
amplitudes are transmitted over the transmission paths with-
out a difference in the impedances according to one or more
embodiments.

FIG. 6 is an equivalent circuit diagram in a situation where
the differential signals of the opposite phases and the identical
amplitudes are transmitted over transmission paths where the
impedances differ according to one or more embodiments.

FIG. 7A is a diagram illustrating transmission paths
according to one or more embodiments of a second example
of the present invention.

FIG. 7B is a diagram illustrating transmission paths
according to one or more embodiments of the second
example.

FIG. 7C is a diagram illustrating transmission paths
according to one or more embodiments of the second
example.

FIG. 7D is a diagram illustrating transmission paths
according to one or more embodiments of the second
example.

FIG. 7E is a diagram illustrating transmission paths
according to one or more embodiments of the second
example.

FIG. 7F is a diagram illustrating transmission paths accord-
ing to one or more embodiments of the second example.

FIG. 8 is a conceptual block diagram illustrating a signal
transmission device according to one or more embodiments
of a third example of the present invention.

FIG. 9 is a conceptual block diagram for describing how
electromagnetic noise radiated to the outside from the signal
transmission device is mitigated according to one or more
embodiments.
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6
DETAILED DESCRIPTION OF EMBODIMENTS

Embodiments of the present invention will be described
below with reference to the drawings.

First Example

FIG. 1 is a conceptual block diagram illustrating a signal
transmission device according to one or more embodiments
of a first example of the present invention. As illustrated in
FIG. 1, a signal transmission device 1 balance transmits an
input signal Sin of a single phase from a signal sender 2 to a
signal receiver 4 via a pair of transmission paths 3 to output an
output signal Sout of a single phase.

The signal sender 2 includes a differential converter 21. In
one or more embodiments of the first example, the differential
converter 21 is an example of an amplitude adjustment means
of the present invention. The differential converter 21 con-
verts the input signal Sin of the single phase into first and
second transmission signals S(+), S(-) of mutually opposite
phases. The pair of transmission paths 3 are configured
including a first transmission path 31 over which the first
transmission signal S(+) is transmitted and a second trans-
mission path 32 over which the second transmission signal
S(-)is transmitted. Moreover, the signal receiver 4 includes a
single phase converter 41. This single phase converter 41
converts first and second transmission signals Sn(+), Sn(-)
received by the signal receiver 4 from the pair of transmission
paths 3 into the output signal Sout of the single phase.

Next, a process where an electrical signal is balance trans-
mitted by the signal transmission device 1 will be described
with reference to FIG. 1. A sinusoidal signal Sin (=A sin ot)
of'a single phase being balance transmitted will be described
as an example.

First, in the signal sender 2, the differential converter 21
converts the input signal Sin of the single phase into differ-
ential signals configured by the pair of transmission signals
S(+), S(-) so as to satisfy formulas 1 and 2 below. By this
conversion, the first transmission signal S(+) (=+D sin wt) and
the second transmission signal S(-) (=-E sin wt) are gener-
ated. These first and second transmission signals S(+), S(-)
are signals of mutually opposite phases and differing ampli-
tudes (referred to hereinbelow as asymmetrical amplitudes).

EAS(+)+D*S(-)=0 (Formula 1)

E*S(+)-D*S(-)=Sin (Formula 2)

Here, o indicates angular frequencies of the input signal
Sin of the single phase and the first and second transmission
signals S(+), S(-), and tindicates a time. Moreover, A, D, and
E respectively indicate each amplitude of the input signal Sin
of the single phase and the first and second transmission
signals S(+), S(-). According to formula 2, amplitudes A, D,
and E satisfy formula 3 below.

2DE=A4 (Formula 3)

Furthermore, the amplitudes D and E are set according to
amplitudes B, C (B>C) of first and second noise signals N1,
N2 that will be described below. More specifically, they are
set so an amplitude ratio of the first transmission signal S(+)
relative to the first noise signal N1 is equivalent to an ampli-
tude ratio of the second transmission signal S(-) relative to
the second noise signal N2. That is, the amplitudes D and E
are set to also satisfy formula 4 below.

E:C=D:B

EB=CD (Formula 4)
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The first and second transmission signals S(+), S(-) gen-
erated in this manner are output from the signal sender 2 and
transmitted over the first and second transmission paths 31,
32. Here, when the first and second transmission paths 31, 32
receive an influence of external noise during transmission, the
first and second noise signals N1 (=+B sin wat), N2 (=+C sin
wat) of identical phases are superimposed thereon. Here, B
and C respectively indicate amplitudes of the first and second
noise signals N1, N2, and wa indicates angular frequencies of
the first and second noise signals N1, N2.

Because of this, the signal receiver 4 receives from the first
and second transmission paths 31, 32 the first and second
transmission signals Sn(+), Sn(-) superimposed with each
noise signal such as illustrated in formulas 5 and 6 below.

Sn(+) =S(+)+ N1 (formula 5)
= + Dsinwr + Bsinwar
Sn(=)=S(-)+N2 (formula 6)

= —Esinwr + Csinwat

In the signal receiver 4, the single phase converter 41
converts the first and second transmission signals Sn(+),
Sn(-) superimposed with each noise signal N1, N2 into the
output signal Sout of the single phase. As in formula 7 below,
this conversion is performed based on amplitude ratios of the
first and second transmission signals S(+), S(-) before each
noise signal N1, N2 is superimposed thereon.

Sout=ESn(+)-DSn(-) (Formula 7)

Here, each amplitude of the differential signals (first and
second transmission signals S(+), S(-)) is set so as to satisty
conditions of formula 4 described above. Therefore, when the
single phase converter 41 generates the output signal Sout of
the single phase, the first and second noise signals N1, N2 are
removed as in formula 8 below.

Sout = E{+ Dsinwr + Bsinwar} — (formula 8)

D{-FEsinwrt + Csinwar}
= 2DEsinwt + (EB — CD)sinwar

= Asinw?

Furthermore, the first and second noise signals N1, N2 of
the identical phases superimposed on the first and second
transmission signals S(+), S(-) are removed regardless
whether they have identical amplitudes or asymmetrical
amplitudes (differing amplitudes). Therefore, in the signal
transmission device 1, an influence the external noise exerts
on the differential signals can be avoided.

A configuration described above is particularly effective
when the amplitudes B, C of the first and second noise signals
N1, N2 superimposed on the first and second transmission
signals S(+), S(-) substantially do not change. When the
amplitudes B, C of the first and second noise signals N1, N2
change, support is possible by suitably changing a setting in
the signal sender 2 of conditions for conversion into the
differential signals and a setting in the signal receiver 4 of
conditions for conversion into the single phase signal Sout.
Moreover, even if the amplitudes B, C of the first and second
noise signals N1, N2 do not satisfy the conditions of formula
4 described above, it is possible to effectively reduce a noise
component superimposed on the output signal Sout of the
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8

single phase. In this situation, it is sufficient for a noise signal
with a larger amplitude (for example, the first noise signal N1)
from among the first and second noise signals N1, N2 of the
asymmetrical amplitudes to be superimposed on a transmis-
sion signal with a larger amplitude (for example, the first
transmission signal S(+)) from among the first and second
transmission signals S(+), S(-) of the asymmetrical ampli-
tudes. For example, when the amplitudes of the first and
second noise signals N1, N2 are such that B>C, it is sufficient
that the amplitudes of the first and second transmission sig-
nals S(+), S(-) are such that D>E.

First Comparative Example

Next, a first comparative example for facilitating under-
standing of effects of the signal transmission device 1 of one
or more embodiments of the present invention will be
described. FIG. 2 is a conceptual block diagram illustrating a
signal transmission device according to the first comparative
example. As illustrated in FIG. 2, in a signal transmission
device 100 of the first comparative example, the input signal
Sin is converted into differential signals of opposite phases
and identical amplitudes and balance transmitted.

In the first comparative example, in a signal sender 102, a
differential converter 121 converts the input signal Sin of the
single phase into the differential signals configured by the
pair of transmission signals S(+), S(-) so as to satisty formula
9 below. By this conversion, the first transmission signal S(+)
(=+(A/2)sin wt) and the second transmission signal S(-) (=—

(A/2)sin wt) of the opposite phases and the identical ampli-
tudes are generated.

S(+)+S(=)=0

S(+)-S(-)=Sin (Formula 9)

The first and second transmission signals S(+), S(-) gen-
erated in this manner are output from the signal sender 102.
Then, in first and second transmission paths 131, 132, the first
and second noise signals N1 (=+B sin wt), N2 (=+C sin wat)
of the identical phases are superimposed thereon.

A signal sender 104 receives from the first and second
transmission paths 131, 132 the first and second transmission
signals Sn(+), Sn(-) superimposed with each noise signal N1,
N2. As in formula 10 below, a single phase converter 141
converts the first and second transmission signals Sn(+),
Sn(-) superimposed with each noise signal N1, N2 into the
output signal Sout of the single phase.

Sour = Sn(+) — Sn(—) (formula 10)

Sout = {+(A/2)sinwr + Bsinwar} — {—(A/2)sinwr + Csinwar}

= Asinwt + (B — C)sinwar

Here, if the first and second noise signals N1, N2 have
identical amplitudes (thatis, B=C), they can be removed from
the first and second transmission signals Sn(+), Sn(-), but if
they have asymmetrical amplitudes (that is, B=C), they can-
not be removed. Therefore, in the signal transmission device
100 of the first comparative example, the influence the noise
signals N1, N2 with differing amplitudes exert on the differ-
ential signals cannot be avoided.

Embodiments of the first example of the present invention
have been described above. According to the first example,
the signal transmission device 1 is provided with the signal
sender 2, the first transmission path 31, the second transmis-
sion path 32, and the signal receiver 4. The signal sender 2
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sends the first and second transmission signals S(+), S(-) of
the mutually opposite phases. The first transmission signal
S(+) is transmitted over the first transmission path 31, and the
second transmission signal S(-) is transmitted over the sec-
ond transmission path 32. The signal receiver 4 converts the
first transmission signal Sn(+) received from the first trans-
mission path 31 and the second transmission signal Sn(-)
received from the second transmission path 32 into the output
signal Sout of the single phase. Moreover, the differential
converter 21 (amplitude adjustment means) that differentiates
each amplitude of the first and second transmission signals
S(+), S(-) received by the signal receiver 4 is provided in the
signal sender 2. The signal receiver 4 converts the received
first and second transmission signals S(+), S(-) based on the
amplitude ratio of the first and second transmission signals
S(+), S(-) adjusted in the differential converter 21.

Furthermore, according to the first example, a signal trans-
mission method is provided with the steps below. In one step,
the first and second transmission signals S(+), S(-) of the
mutually opposite phases are sent. In one step, the first and
second transmission signals S(+), S(-) are transmitted. In one
step, the first and second transmission signals Sn(+), Sn(-)
transmitted in the transmitting step are converted into the
output signal Sout of the single phase. Moreover, the sending
step described above includes the step of differentiating each
amplitude of the first and second transmission signals S(+),
S(-) transmitted in the transmitting step described above.
Then, in the converting step described above, the first and
second transmission signals Sn(+), Sn(-) transmitted in the
transmitting step described above are converted based on the
amplitude ratio of the first and second transmission signals
S(+), S(-) adjusted in the differentiating step described
above.

By configuring in this manner, the first and second trans-
mission signals S(+), S(-) of the mutually opposite phases
adjusted to the differing amplitudes are transmitted. Then, the
transmitted first and second transmission signals Sn(+), Sn(-)
are converted into the output signal Sout of the single phase
based on the amplitude ratio of the first and second transmis-
sion signals S(+), S(-) adjusted in the differential converter
21. Because of this, the influence of the noise signals N1, N2
can be reduced when the first and second transmission signals
Sn(+), Sn(-) are converted into the output signal Sout of the
single phase even when the noise signals N1, N2 with the
differing amplitudes are superimposed thereon during trans-
mission of the first and second transmission signals S(+),
S(-). Therefore, the influence the noise signals N1, N2 with
the differing amplitudes exert on the differential signals can
be effectively reduced.

Furthermore, in the signal transmission device 1 of the first
example, the differential converter 21 sets the amplitude ratio
(D:B) relative to the first noise signal N1 of the first transmis-
sion signal S(+) before the first noise signal N1 is superim-
posed thereon to be equivalent to the amplitude ratio (E:C)
relative to the second noise signal N2 of the second transmis-
sion signal S(-) before the second noise signal N2 is super-
imposed thereon. By configuring in this manner, when the
first and second transmission signals Sn(+), Sn(-) are con-
verted into the output signal Sout of the single phase, the first
and second noise signals N1, N2 can be removed substan-
tially completely. Therefore, the influence the noise signals
N1, N2 with the differing amplitudes exert on the differential
signals can be avoided.

Modified Example of First Example

In the first example described above, the differential con-
verter 21 bears both a function of converting from the input
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signal Sin of the single phase to the differential signals and a
function of adjusting each amplitude D, E of the differential
signals, but a configuring part may be provided for each
function. FIG. 3 is a conceptual block diagram illustrating an
example of a signal transmission device according to a modi-
fied first example.

As illustrated in FIG. 3, the signal sender 2 of the signal
transmission device 1 further includes a sending signal ampli-
tude adjuster 22. In one or more embodiments of the modified
first example, the sending signal amplitude adjuster 22 is an
example of the amplitude adjustment means of the present
invention.

The differential converter 21 converts the input signal Sin
of' the single phase into first and second transmission signals
Sa(+), Sa(-) of mutually opposite phases and identical ampli-
tudes. The sending signal amplitude adjuster 22 is configured
including first and second sending signal amplitude adjusters
22a, 22b. The first sending signal amplitude adjuster 22a
adjusts an amplitude of the first transmission signal Sa(+)
generated in the differential converter 21 to the amplitude D
that satisfies the conditions of formula 4. Moreover, the sec-
ond sending signal amplitude adjuster 225 adjusts an ampli-
tude of the second transmission signal Sa(-) generated in the
differential converter 21 to the amplitude E that satisfies the
conditions of formula 4.

Furthermore, the signal receiver 4 further includes a recep-
tion signal amplitude adjuster 42. The reception signal ampli-
tude adjuster 42 is configured including first and second
reception signal amplitude adjusters 42a, 425b. The first recep-
tion signal amplitude adjuster 42a adjusts the amplitude of
the first transmission signal Sn(+) with the first noise signal
N1 superimposed thereon to be multiplied by E. Moreover,
the second reception signal amplitude adjuster 425 adjusts the
amplitude of the second transmission signal Sn(-) with the
second noise signal N2 superimposed thereon to be multi-
plied by D. The single phase converter 41 converts adjusted
first and second transmission signals ESb(+), DSb(-) into the
output signal Sout of the single phase by calculating as in
formula 11 below.

Sour = ESn(+) — DSn(-) (formula 11)

= E{+ Dsinwrt + Bsinwar} —
D{-Esinwrt + Csinwar}
= 2DEsinwt + (EB — CD)sinwar

= Asinw?

In FIG. 3, the sending signal amplitude adjuster 22 of the
signal sender 2 adjusts each amplitude of the first and second
transmission signals S(+), S(-) to be D and E but may adjust
them to be 1 and (E/D) or (D/E) and 1. However, when
adjusting in this manner, it is sufficient for the reception
signal amplitude adjuster 42 of the signal receiver 4 to adjust
each amplitude of the first and second transmission signals
Sn(+), Sn(-) to be multiplied by (E/D) and 1 or by 1 and
(D/E).

Embodiments of the modified first example of the present
invention have been described above. According to one or
more embodiments of the signal transmission device 1 of this
modified example, the signal sender 2 includes the differen-
tial converter 21 and the sending signal amplitude adjuster 22.
The differential converter 21 converts the input signal Sin of
the single phase into the first and second transmission signals
Sa(+), Sa(-) of the mutually opposite phases. The sending
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signal amplitude adjuster 22 adjusts each amplitude D, E of
the first and second transmission signals S(+), S(-) so the
amplitude D of the first transmission signal S(+) differs from
the amplitude E of the second transmission signal S(-). More-
over, the signal receiver 4 further includes the reception signal
amplitude adjuster 42 and the single phase converter 41. The
reception signal amplitude adjuster 42 adjusts each amplitude
of the first and second transmission signals Sn(+), Sn(-)
received by the signal receiver 4 based on the amplitude ratios
of the first and second transmission signals S(+), S(-)
adjusted by the sending signal amplitude adjuster 22. The
single phase converter 41 converts the first and second trans-
mission signals Sb(+), Sb(-) adjusted by the reception signal
amplitude adjuster 42 into the output signal Sout of the single
phase.

By configuring in this manner, the first and second trans-
mission signals S(+), S(-) of the mutually opposite phases
and the differing amplitudes can be sent from the signal
sender 2. Moreover, conversion into the output signal Sout of
the single phase can be easily performed by adjusting based
on the amplitude ratios of the first and second transmission
signals S(+), S(-) adjusted by the sending signal amplitude
adjuster 22 even when the noise signals N1, N2 with the
differing amplitudes are superimposed on the first and second
transmission signals S(+), S(-).

Furthermore, one or more embodiments of the first
example above describe a configuration that avoids the influ-
ence that the external noise exerts on the differential signals
transmitted over the pair of transmission paths 3 when the
differential signals of the opposite phases and the asymmetri-
cal amplitudes are output from the signal sender 2. Next, a
configuration will be described that can avoid the influence of
the external noise even when the differential signals of the
opposite phases and the identical amplitudes are output from
the signal sender 2.

Second Example

Embodiments of a second example will be described. In
one or more embodiments of the second example, the difter-
ential signals of the opposite phases and the asymmetrical
amplitudes are received by the signal receiver 4 by differen-
tiating each impedance Z1, 72 of the pair of transmission
paths 3 over which the differential signals are transmitted.
That is, in the second example, the pair of transmission paths
3 is an example of the amplitude adjustment means of the
present invention. Items concerning the second example dif-
fering from the first example will be described below. More-
over, identical reference codes will be attached to configura-
tions identical or substantially identical to those in the first
example, and description thereof may be omitted.

First, in ideal balanced transmission, the differential sig-
nals are transmitted over the pair of transmission paths 3, but
in actuality, the transmission paths 3 also cannot ignore, for
example, a ground pattern and electrical coupling with
another signal path. Because of this, a certain level of an
unbalanced transmission component is included in actual
balanced transmission. FIG. 4 is an equivalent circuit diagram
of' the transmission paths taking into consideration the actual
unbalanced transmission component.

The transmission paths 3 in FI1G. 4 are configured including
the first and second transmission paths 31, 32 as well as a
grounded reference path 33. Moreover, in FIG. 4, the squares
hatched with the diagonal lines illustrate widths of the first
and second transmission paths 31, 32 and represent the
impedances Z1, 72 of each transmission path 31, 32. More-
over, AL and AC are inductors and capacitors in small sec-
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tions of the paths and represent inductance components and
capacitor components of the impedances Z1, 72 of each
transmission path 31, 32.

The first and second transmission signals S(+), S(-) of the
mutually opposite phases are input to the first and second
transmission paths 31, 32 and transmitted from the signal
sender 2 to the signal receiver 4. Moreover, feedback signals
of the first and second transmission signals S(+), S(-) are
output from the signal receiver 4 to each path 31 to 33, but a
portion of each feedback current flows to the reference path
33. For example, a portion —aS(+) (0<a<1) of a feedback
current —S(+) of the first transmission signal +S(+) tflows
through the second transmission path 32, but a remaining
portion —(1-a)S(+) flows through the reference path 33.
Moreover, a portion —S(-) (0<p<1) of a feedback current
-S(-) of the second transmission signal +S(-) flows through
the first transmission path 31, but a remaining portion —(1-
B)S(-) flows through the reference path 33. e and f§ are such
that a=p when the impedances Z1, Z2 of the first and second
transmission paths 31, 32 are identical, but o= when the
impedances Z1, 72 differ.

First, a situation where the impedances Z1, Z2 of the first
and second transmission paths 31, 32 are substantially iden-
tical will be described. FIG. 5A is an equivalent circuit dia-
gram in a situation where the differential signals of the oppo-
site phases and the identical amplitudes are transmitted to the
transmission paths without a difference in impedances. More-
over, FIG. 5B is an equivalent circuit diagram in a situation
where the differential signals of the opposite phases and the
differing amplitudes are transmitted to the transmission paths
without the difference in impedances. The description will be
omitted for superimposition of the first and second noise
signals N1, N2 to facilitate understanding of an action exerted
on the differential signals by an action of each impedance 71,
72 of the first and second transmission paths 31, 32.

When the first and second transmission signals S(+) (=+
(A/2)sin wt), S(-)-(A/2)sin wt) of the opposite phases and the
identical amplitudes are transmitted over the transmission
paths 3, as illustrated in FIG. 5 A, the first transmission signal
Sn(+) received by the signal receiver 4 becomes +(A/2)(1+a)
sin wt and the second transmission signal Sn(-) becomes
-(A/2)(1+a)sin wt. That is, the signal receiver 4 receives the
differential signals of the opposite phases and the identical
amplitudes.

Meanwhile, when the first and second transmission signals
S(+) (=+D sin wt), S(-) (=-E sin wt) of the opposite phases
and the differing amplitudes are transmitted over the trans-
mission paths 3, as illustrated in FIG. 5B, the first transmis-
sion signal Sn(+) received by the signal receiver 4 becomes
+(D+aE)sin wt and the second transmission signal Sn(-)
becomes -(aD+E)sin wt. That is, the signal receiver 4
receives the differential signals of the opposite phases and the
differing amplitudes.

Next, a situation where the impedances 71, Z2 of the first
and second transmission paths 31, 32 differ will be described.
FIG. 61is an equivalent circuit diagram in a situation where the
differential signals of the opposite phases and the identical
amplitudes are transmitted to the transmission paths where
the impedances differ. The description will be omitted for
superimposition of the first and second noise signals N1, N2
to facilitate understanding of the action exerted on the differ-
ential signals by the action of each impedance Z1, 72 of the
first and second transmission paths 31, 32.

When the first and second transmission signals S(+) (=+
(A/2)sin wt), S(-) (=—(A/2)sin wt) of'the opposite phases and
the identical amplitudes are transmitted over the transmission
paths 3, as illustrated in FIG. 6, the first transmission signal
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Sn(+) received by the signal receiver 4 becomes +(A/2)(1+f)
sin wt and the second transmission signal Sn(-) becomes
—-(A/2)(1+a)sin wt. That is, the signal receiver 4 receives the
differential signals of the opposite phases and the differing
amplitudes even if the differential signals of the opposite
phases and the identical amplitudes are transmitted from the
signal sender 2.

Such transmission paths 3 can be realized by differentiat-
ing at least one from among resistance components, capacity
components, and inductance components of each impedance
71, 72 of the first and second transmission paths 31, 32.
Specific configuration examples of the transmission paths 3
with differing impedances Z1, Z2 will be described below
using first to sixth working examples.

First Working Example

FIG. 7A is a diagram illustrating transmission paths
according to one or more embodiments of the second
example. In the transmission paths 3 in FIG. 7A, a dielectric
layer 34 is formed on a grounded conductor substrate 33a.
Moreover, the first and second transmission paths 31, 32 with
differing cross-sectional areas are disposed on an upper sur-
face of' the dielectric layer 34. By configuring in this manner,
each capacity component of the impedances 71, 72 of the first
and second transmission paths 31, 32 can be differentiated. In
the first working example, the conductor substrate 33q is a
portion of a ground part of the present invention.

Second Working Example

FIG. 7B is a diagram illustrating transmission paths
according to one or more embodiments of the second
example. In the transmission paths 3 in FIG. 7B, the dielectric
layer 34 is formed on the grounded conductor substrate 33a.
Moreover, the first transmission path 31 is disposed on the
dielectric layer 34, but the second transmission path 32 is
disposed inside the dielectric layer 34. By configuring in this
manner, each capacity component of the impedances 71, 72
of the first and second transmission paths 31, 32 can be
differentiated because gaps d1, d2 between the first and sec-
ond transmission paths 31, 32 and the conductor substrate 33a
differ. In one or more embodiments of the second working
example, the conductor substrate 33a is a portion of the
ground part of the present invention.

Third Working Example

FIG. 7C is a diagram illustrating transmission paths
according to one or more embodiments of the second
example. In the transmission paths 3 in FIG. 7C, the first and
second transmission paths 31, 32 are disposed on the upper
surface of the dielectric layer 34. Moreover, the grounded
conductor substrate 33a is provided on a portion of a lower
surface of the dielectric layer 34. In a plan view viewed from
a normal direction of a main surface of the conductor sub-
strate 33a, the first transmission path 31 overlaps the conduc-
tor substrate 33a, but the second transmission path 32 does
not overlap the conductor substrate 33a. Even by configuring
in this manner, each capacity component of the impedances
71,72 ofthe first and second transmission paths 31,32 can be
differentiated because each gap d1, d2 between the first and
second transmission paths 31, 32 and the conductor substrate
33a can be easily differentiated. In the third working
example, the conductor substrate 33a is a portion of the
ground part of the present invention.
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Fourth Working Example

FIG. 7D is a diagram illustrating transmission paths
according to one or more embodiments of the second
example. In the transmission paths 3 in FIG. 7D, the first and
second transmission paths 31, 32 are disposed on the upper
surface of the dielectric layer 34. Moreover, the grounded
conductor substrate 33a is provided on a portion of the lower
surface of the dielectric layer 34. Moreover, a conductor layer
3354 is provided inside the dielectric layer 34. This conductor
layer 336 is conducted with the conductor substrate 334 via
the via hole 33¢ with a conduction path formed inside. More-
over, in the plan view viewed from the normal direction of the
main surface of the conductor substrate 33a, the first trans-
mission path 31 does not overlap the conductor layer 3356 but
the second transmission path 32 overlaps the conductor layer
33b. Even by configuring in this manner, each capacity com-
ponent of the impedances 71, Z2 of the first and second
transmission paths 31, 32 can be differentiated because the
gap d1 between the first transmission path 31 and the conduc-
tor substrate 33a¢ and the gap d2 between the second trans-
mission path 32 and the conductor layer 336 can be easily
differentiated. In one or more embodiments of the fourth
working example, the conductor substrate 33a, the conductor
layer 335, and the via hole 33¢ are portions of the ground part
of the present invention.

Fifth Working Example

FIG. 7E is a diagram illustrating transmission paths
according to one or more embodiments of the second
example. In the transmission paths 3 in FIG. 7E, the dielectric
layer 34 is formed on the grounded conductor substrate 33a.
Moreover, the first and second transmission paths 31, 32 are
disposed inside the dielectric layer 34. Moreover, the conduc-
tor layer 335 is provided on a portion of the upper surface of
the dielectric layer 34, and this conductor layer 335 is con-
ducted with the conductor substrate 334 via the via hole 33¢
with the conduction path formed inside. Moreover, in the plan
view viewed from the normal direction of the main surface of
the conductor substrate 33a, the first transmission path 31
does not overlap the conductor layer 336 but the second
transmission path 32 overlaps the conductor layer 3354.
Because of this, the second transmission path 32 is disposed
inside the dielectric layer 34 and between the conductor sub-
strate 33a and the conductor layer 335. By configuring in this
manner, each capacity component of the impedances 71, 72
of the first and second transmission paths 31, 32 can be
differentiated because the second transmission path 32 dis-
posed inside the dielectric layer 34 can form two capacity
components, in a gap d2a between the conductor substrate
33a and in a gap d2b between the conductor layer 335. In one
or more embodiments of the fifth working example, the con-
ductor substrate 334, the conductor layer 335, and the via hole
33¢ are portions of the ground part of the present invention.

Sixth Working Example

FIG. 7F is a diagram illustrating transmission paths accord-
ing to one or more embodiments of the second example. In the
transmission paths 3 in FIG. 7F, two dielectric layers 34a, 345
with differing dielectric constants are formed on the
grounded conductor substrate 33a. Moreover, the first trans-
mission path 31 is disposed on an upper surface of the one
dielectric layer 34a, and the second transmission path 32 is
disposed on an upper surface of the other dielectric layer 345.
Each capacity component of the impedances 71, 72 of the



US 9,065,557 B2

15

first and second transmission paths 31, 32 can be differenti-
ated because dielectric constants 81, c2 between the first and
second transmission paths 31, 32 and the conductor substrate
33a differ. In one or more embodiments of the sixth working
example, the conductor substrate 33a is a portion of the
ground part of the present invention.

The configuration examples of the transmission paths 3 are
not limited to the first to sixth working examples described
above. For example, each cross-sectional area of the first and
second transmission paths 31, 32 may be differentiated in the
second to sixth working examples. By configuring in this
manner, each capacity component of the impedances 71, 72
of'the first and second transmission paths 31, 32 can be further
differentiated.

Embodiments of the second example of the present inven-
tion have been described above. The signal transmission
device 1 of the second example is provided with the signal
sender 2, the first transmission path 31, the second transmis-
sion path 32, and the signal receiver 4. The signal sender 2
sends the first and second transmission signals S(+), S(-) of
the mutually opposite phases. The first transmission signal
S(+) is transmitted over the first transmission path 31, and the
second transmission signal S(-) is transmitted over the sec-
ond transmission path 32. The signal receiver 4 converts the
first transmission signal Sn(+) received from the first trans-
mission path 31 and the second transmission signal Sn(-)
received from the second transmission path 32 into the output
signal Sout of the single phase. Moreover, (because the
impedances Z1, 72 mutually differ,) the first and second
transmission paths 31, 32 function as the amplitude adjust-
ment means that differentiates each amplitude of the first and
second transmission signals Sn(+), Sn(-) received by the
signal receiver 4. Then, the signal receiver 4 converts the
received first and second transmission signals Sn(+), Sn(-)
based on the amplitude ratio of the first and second transmis-
sion signals S(+), S(-) adjusted by the amplitude adjustment
means.

By configuring in this manner, the first and second trans-
mission signals S(+), S(-) of the mutually opposite phases
adjusted to the differing amplitudes are transmitted. Then, the
transmitted first and second transmission signals Sn(+), Sn(-)
are converted into the output signal Sout of the single phase
based on the amplitude ratio of the first and second transmis-
sion signals S(+), S(-) adjusted in the first and second trans-
mission paths 31, 32 functioning as the amplitude adjustment
means. Because of this, the influence of the noise signals N1,
N2 can be reduced when the first and second transmission
signals Sn(+), Sn(-) are converted into the output signal Sout
of the single phase even when the noise signals N1, N2 with
the differing amplitudes are superimposed on the first and
second transmission signals S(+), S(-) during transmission of
the first and second transmission signals S(+), S(-). There-
fore, the influence the noise signals N1, N2 with the differing
amplitudes exert on the differential signals can be effectively
reduced.

Furthermore, according to one or more embodiments of the
signal transmission device 1 of the second example, the
impedance Z1 of the first transmission path 31 differs from
the impedance 72 of the second transmission path 32.
Because of this, the amplitudes of the first and second trans-
mission signals Sn(+), Sn(-) received by the signal receiver 4
can be differentiated even when the amplitudes of the firstand
second transmission signals S(+), S(-) output from the signal
sender 2 are identical. Therefore, the influence of the noise
signals N1, N2 with the differing amplitudes can be suffi-
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ciently reduced when the first and second transmission sig-
nals Sn(+), Sn(-) are converted into the output signal Sout of
the single phase.

Examples below can be mentioned as methods of differen-
tiating each impedance Z1, 72 of the first and second trans-
mission paths 31, 32. For example, the cross-sectional areas
of the first and second transmission paths 31, 32 may be
different in the second example. By configuring in this man-
ner, the capacity components of the impedances 71, Z2 of the
first and second transmission paths 31, 32 can be differenti-
ated.

Furthermore, in one or more embodiments of the second
example, the signal transmission device 1 may be further
provided with the dielectric layer 34 on which the first and
second transmission paths 31, 32 are disposed and the ground
part on which the dielectric layer 34 is provided. Moreover,
the ground part may have the grounded conduction substrate
334, and the shortest distance between the first transmission
path 31 and the ground part may differ from the shortest
distance between the second transmission path 32 and the
ground part. By configuring in this manner, the capacity com-
ponents of the impedances Z1, Z2 of the first and second
transmission paths 31, 32 can be differentiated.

Furthermore, the dielectric layer 34 may have the first and
second dielectric layers 34a, 345 with the differing dielectric
constants, and the first transmission path 31 may be provided
on the first dielectric layer 344 and the second transmission
path 32 may be provided on the second dielectric layer 345.
By configuring in this manner, the capacity components of the
impedances 71, Z2 of the first and second transmission paths
31, 32 can be differentiated because the first and second
transmission paths 31, 32 are provided in the dielectric layers
34a, 345 with mutually differing dielectric constants.

Alternatively, in one or more embodiments of the second
example, the dielectric layer having the first and second
dielectric layers with the differing dielectric constants, and
the ground part on which the dielectric layer is provided, may
be further provided. Moreover, the ground part may have the
grounded conductor substrate, the first transmission path may
be provided on the first dielectric layer, and the second trans-
mission path may be provided on the second dielectric layer.
Even by configuring in this manner, the capacity components
of'the impedances Z1, Z2 of'the first and second transmission
paths 31, 32 can be differentiated because the first and second
transmission paths 31, 32 are provided on the dielectric layers
34a, 34b with the mutually differing dielectric constants.

Furthermore, in one or more embodiments of the second
example, the ground part may further have the conductor
substrate 334 and the electrically connected conductor layer
33h. Moreover, the conductor layer 335 may be provided in
the dielectric layer 34 so as to overlap the second transmission
path 32 in the plan view viewed from the normal direction of
the main surface of the conductor substrate 33a. By config-
uring in this manner, the capacity components of the imped-
ances 71, 72 of the first and second transmission paths 31, 32
can be differentiated by providing the conductor layer 335 on
the dielectric layer 34 so as to overlap the second transmission
path 32 in the plan view.

Furthermore, the conductor layer 335 electrically con-
nected to the conductor substrate 33a may be provided on the
dielectric layer 34, and the second transmission path 32 may
be disposed inside the dielectric layer 34 and between the
conductor substrate 33a¢ and the conductor layer 336. By
configuring in this manner, the capacity components of the
impedances 71, Z2 of the first and second transmission paths
31, 32 can be differentiated because the second transmission
path 32 disposed inside the dielectric layer 34 can form the
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two capacity components, in the gap between the conductor
substrate 33a and in the gap between the conductor layer 334.

Third Example

Next, embodiments of a third example will be described. In
one or more embodiments of the third example, the amplitude
of'the first transmission signals S(+) transmitted over the first
transmission path 31 and the amplitude of the second trans-
mission signal S(-) transmitted over the second transmission
path 32 are independently controlled. Items concerning the
third example differing from the first and second examples
will be described below. Moreover, identical reference codes
will be attached to configurations identical or substantially
identical to those in the first and second examples, and
description thereof may be omitted.

FIG. 8 is a conceptual block diagram illustrating a signal
transmission device according to the third example. As illus-
trated in FIG. 8, the signal receiver 4 further includes a detec-
tor 43 that detects the amplitudes of the first and second
transmission signals Sn(+), Sn(-) received by the signal
receiver 4. This detector 43 is configured including first and
second detectors 43a, 43b. The first and second detectors 43a,
43b are, respectively, first and second detectors that detect the
amplitudes of the first and second transmission signals Sn(+),
Sn(-) received by the signal receiver 4.

Furthermore, the sending signal amplitude adjuster 22 of
the signal sender 2 has a function of adjusting each amplitude
D, E of the first and second transmission signals S(+), S(-) so
the amplitude of the first transmission signal S(+) differs from
the amplitude of the second transmission signal S(-). More-
over, the sending signal amplitude adjuster 22 also has a
function as a gain control amplifier/attenuator (GCA). The
sending signal amplitude adjuster 22 feedback controls each
amplitude D, E of the first and second transmission signals
S(+), S(-) output from the signal sender 2 based on a detec-
tionresult of the detector 43. For example, the first and second
sending signal amplitude adjusters 22a, 225 respectively
adjust each amplitude of the first and second transmission
signals Sa(+), Sa(-) generated in the differential converter 21
to the amplitudes D, E that satisfy the conditions of formula 4
described above. Moreover, the first sending signal amplitude
adjuster 22a feedback controls the amplitude D of the first
transmission signal S(+) output from the signal sender 2
based on a detection result of the first detector 43a. Moreover,
the second sending signal amplitude adjuster 225 feedback
controls the amplitude E of the second transmission signal
S(-) output from the signal sender 2 based on a detection
result of the second detector 435.

Furthermore, the reception signal amplitude adjuster 42 of
the signal receiver 4 adjusts the amplitudes of the first and
second transmission signals Sn(+), Sn(-) with each noise
signal N1, N2 superimposed thereon based on the detection
result of the detector 43. For example, the first reception
signal amplitude adjuster 42a adjusts the amplitude of the
first transmission signal Sn(+) superimposed with the first
noise signal N1 to be multiplied by (AJ2D) based on the
detection result of the first detector 43a. Moreover, the second
reception signal amplitude adjuster 425 adjusts the amplitude
of the second transmission signal Sn(-) superimposed with
the second noise signal N2 to be multiplied by (A/2E) based
on the detection result of the second detector 435.

In this manner, in one or more embodiments of the third
example, the first and second transmission signals S(+), S(-)
are independently AGC (automatic gain control) controlled
based on the detection results of the first and second detectors
43a, 43b.
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The single phase converter 41 converts first and second
transmission signals (A/2D)Sn(+), (A/2E)Sn(-) adjusted in
the reception signal amplitude adjuster 42 into the output
signal Sout of the single phase by calculating as in formula 12
below.

Sout=(42D)Sn(+)—-(4/2E)Sn(-) (Formula 12)

Here, each amplitude of the differential signals (first and
second transmission signals S(+), S(-)) is set so as to satisty
the conditions of formula 4 described above. Therefore, when
the single phase converter 41 generates the output signal Sout
of the single phase, the noise component is removed as in
formula 13 below.

Sour = {+(A/2)sinwr + (BA/2D)sinwar} — (formula 13)

{—A/2)sinwr + (CA /2 E)sinwar}

= Asinwr + (A/2DE)EB — CD)sinwar

= Asinw?

Furthermore, the first and second noise signals N1, N2 of
the identical phases superimposed on the first and second
transmission signals Sn(+), Sn(-) are removed regardless of
whether they have the identical amplitudes or the asymmetri-
cal amplitudes (differing amplitudes). Therefore, in the signal
transmission device 1, the influence the external noise exerts
on the differential signals can be avoided.

In the above description, an example where the first and
second transmission signals S(+), S(-) are independently
AGC controlled is described, but the scope of application of
the present invention is not limited to this example. One of
either the first or the second transmission signals S(+), S(-)
may be AGC controlled, and the other may be AGC balance
controlled (control of a gain difference relative to one AGC
control).

Embodiments of the third example of the present invention
have been described above. According to one or more
embodiments of the signal transmission device 1 of the third
example, the signal receiver 4 further includes the detector 43
that detects the amplitudes of the first and second transmis-
sion signals Sn(+), Sn(-) received by the signal receiver 4.
The sending signal amplitude adjuster 22 of the signal sender
2 adjusts each amplitude of the first and second transmission
signals S(+), S(-) based on the detection result of the detector
43. The reception signal amplitude adjuster 42 of the signal
receiver 4 independently adjusts each amplitude of the first
and second transmission signals Sn(+), Sn(-) received by the
signal receiver 4 based on the detection result of the detector
43.

By configuring in this manner, the amplitudes of the feed-
back controlled first and second transmission signals S(+),
S(-) can be independently adjusted. Therefore, the influence
that the noise signals N1, N2 with the differing amplitudes
exert on the output signal Sout can be sufficiently reduced by
differentiating the amplitudes of the first and second trans-
mission signals S(+), S(-) transmitted over the transmission
paths 3 even when the first and second transmission signals
S(+), S(-) are feedback controlled.

Fourth Example

In one or more embodiments of the first to third examples
described above, reducing the influence of the external noise
is described, but the influence of the noise received from the
outside and the influence of the noise imparted to the outside
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can be considered as being inseparable. Because of this, one
or more embodiments of the first to third examples described
above can be applied as a means of mitigating noise (for
example, electromagnetic noise) radiated to the outside from
the differential signals (first and second transmission signals)
of'the opposite phases that transmit the first and second trans-
mission signals S(+), S(-).

Furthermore, FIG. 9 is a conceptual block diagram for
describing how the electromagnetic noise radiated to the out-
side from the signal transmission device is mitigated. In FIG.
9, the amplitude E of the second transmission signal S(-)
transmitted over the second transmission path 32 on a side
near an external circuit A is set to be lower than the amplitude
D of the first transmission signal S(+) transmitted over the
first transmission path 31 on a far side thereof. By configuring
in this manner, an amplitude difference of electromagnetic
waves (that is, the noise) radiated to the external circuit from
each transmission path 3 can be reduced or eliminated.

In FIG. 9, one or more embodiments of the signal trans-
mission device 1 of the third example is described for illus-
tration purposes, but needless to say, the electromagnetic
noise radiated to the outside can be similarly mitigated even
when using the signal transmission device 1 of the first
example or the transmission paths 3 of the second example.

Embodiments of the present invention have been described
above. Various modifications to the embodiments are possible
in combining each component and each process, and it is
understood by those skilled in the art that such modifications
are within the scope of the present invention.

Although the disclosure has been described with respect to
only a limited number of embodiments, those skilled in the
art, having benefit of this disclosure, will appreciate that
various other embodiments may be devised without departing
from the scope of the present invention. Accordingly, the
scope of the invention should be limited only by the attached
claims.

DESCRIPTION OF REFERENCE CODES

1 Signal transmission device

2 Signal sender

21 Differential converter

22 Sending signal amplitude adjuster

3 Transmission path

31 First transmission path

32 Second transmission path

33 Reference path

334 Conductor substrate

335 Conductor layer

33¢ Via hole

34 Dielectric layer

4 Signal receiver

41 Single phase converter

42 Reception signal amplitude adjuster

43 Detector

What is claimed is:

1. A signal transmission device, comprising:

a signal sender that sends first and second transmission
signals of mutually opposite phases;

a first transmission path over which the first transmission
signal is transmitted;

a second transmission path over which the second trans-
mission signal is transmitted; and

a signal receiver that converts the first transmission signal
received from the first transmission path and the second
transmission signal received from the second transmis-
sion path into an output signal of a single phase, wherein
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the signal transmission device differentiates each ampli-
tude of the first and second transmission signals sent
from the signal sender, and

the signal receiver, based on an amplitude ratio of the
first and second transmission signals, converts the
received first and second transmission signals.

2. The signal transmission device according to claim 1,
wherein

the signal sender comprises:

a differential converter that converts an input signal of a
single phase into the first and second transmission
signals of the opposite phases; and

a sending signal amplitude adjuster that adjusts each
amplitude of the first and second transmission signals
so the amplitude of the first transmission signal differs
from the amplitude of the second transmission signal,
and

the signal receiver comprises:

a reception signal amplitude adjuster that adjusts each
amplitude of the first and second transmission signals
received by the signal receiver based on the amplitude
ratio of the first and second transmission signals
adjusted by the sending signal amplitude adjuster; and

a single phase converter that converts the first and sec-
ond transmission signals adjusted by the reception
signal amplitude adjuster into the output signal of the
single phase.

3. The signal transmission device according to claim 2,
wherein

the signal receiver further comprises a detector that detects

the amplitudes of the first and second transmission sig-

nals received by the signal receiver,

the sending signal amplitude adjuster of the signal sender

independently adjusts each amplitude of the first and

second transmission signals based on a detection result
of the detector, and

the reception signal amplitude adjuster of the signal

receiver independently adjusts each amplitude of the

first and second transmission signals received in the
signal receiver based on the detection result of the detec-
tor.

4. The signal transmission device according to claim 3,
wherein an impedance of the first transmission path differs
from an impedance of the second transmission path.

5. The signal transmission device according to claim 2,
wherein an impedance of the first transmission path differs
from an impedance of the second transmission path.

6. The signal transmission device according to claim 1,
wherein an impedance of the first transmission path differs
from an impedance of the second transmission path.

7. The signal transmission device according to claim 6,
wherein cross-sectional areas of the first and second trans-
mission paths differ.

8. The signal transmission device according to claim 7,
further comprising:

a dielectric layer on which the first and second transmis-

sion paths are disposed; and

a ground part on which the dielectric layer is provided,

wherein

the ground part comprises a grounded conductor sub-
strate, and

a shortest distance between the first transmission path
and the ground part differs from a shortest distance
between the second transmission path and the ground
part.

9. The signal transmission device according to claim 7,
further comprising:
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a dielectric layer comprising first and second dielectric
layers with differing dielectric constants; and
a ground part on which the dielectric layer is provided,
wherein
the ground part has a grounded conductor substrate, and
the first transmission path is provided on the first dielec-
tric layer and the second transmission path is provided
on the second dielectric layer.
10. The signal transmission device according to claim 6,
further comprising:
a dielectric layer on which the first and second transmis-
sion paths are disposed; and
a ground part on which the dielectric layer is provided,
wherein
the ground part comprises a grounded conductor sub-
strate, and
a shortest distance between the first transmission path
and the ground part differs from a shortest distance
between the second transmission path and the ground
part.
11. The signal transmission device according to claim 10,
wherein
the dielectric layer comprises first and second dielectric
layers with differing dielectric constants, and
the first transmission path is provided on the first dielectric
layer and the second transmission path is provided on the
second dielectric layer.
12. The signal transmission device according to claim 11,
wherein
the ground part further comprises a conductor layer elec-
trically connected to the conductor substrate, and
the conductor layer is provided on the dielectric layer so as
to overlap the second transmission path in a plan view
viewed from a normal direction of a main surface of the
conductor substrate.
13. The signal transmission device according to claim 10,
wherein
the ground part further comprises a conductor layer elec-
trically connected to the conductor substrate, and
the conductor layer is provided on the dielectric layer so as
to overlap the second transmission path in a plan view
viewed from a normal direction of a main surface of the
conductor substrate.
14. The signal transmission device according to claim 13,
wherein
the conductor layer electrically connected to the conductor
substrate is provided on the dielectric layer, and
the second transmission path is disposed inside the dielec-
tric layer and between the conductor substrate and the
conductor layer.
15. The signal transmission device according to claim 6,
further comprising:
a dielectric layer comprising first and second dielectric
layers with differing dielectric constants; and
a ground part on which the dielectric layer is provided,
wherein
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the ground part has a grounded conductor substrate, and

the first transmission path is provided on the first dielec-
tric layer and the second transmission path is provided
on the second dielectric layer.

16. The signal transmission device according to claim 15,
wherein

the ground part further comprises a conductor layer elec-

trically connected to the conductor substrate, and

the conductor layer is provided on the dielectric layer so as

to overlap the second transmission path in a plan view
viewed from a normal direction of a main surface of the
conductor substrate.

17. The signal transmission device according to claim 1,
wherein the signal transmission device sets an amplitude ratio
relative to a first noise signal of the first transmission signal
before the first noise signal is superimposed thereon to be
equivalent to an amplitude ratio relative to a second noise
signal of the second transmission signal before the second
noise signal is superimposed thereon.

18. A signal transmission method, comprising:

sending first and second transmission signals of mutually

opposite phases;
transmitting the first and second transmission signals; and
converting the transmitted first and second transmission
signals into an output signal of a single phase, wherein
at least one of either the sending or the transmitting
comprises differentiating each amplitude of the trans-
mitted first and second transmission signals, and
the first and second transmission signals are converted
based on an amplitude ratio of the first and second
transmission signals adjusted in the differentiating.
19. The signal transmission method according to claim 18,
further comprising:
converting an input signal of a single phase into the first and
second transmission signals of the opposite phases;

adjusting each amplitude of the first and second transmis-
sion signals so the amplitude of the first transmission
signal differs from the amplitude of the second transmis-
sion signal;

adjusting each amplitude of the first and second transmis-

sion signals based on the amplitude ratio of the adjusted
first and second transmission signals; and

converting the adjusted first and second transmission sig-

nals into the output signal of the single phase.

20. The signal transmission method according to claim 19,
further comprising:

detecting the amplitudes of the first and second transmis-

sion signals received by the signal receiver,
independently adjusting each amplitude of the first and
second transmission signals based on the detection; and
adjusting each amplitude of the first and second transmis-
sion signals received in the signal receiver based on the
detection.



